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Abstract

Folic acid (FA) is used as target drug delivery for cancer cells by adding to copper/chitosan
nanocomposite (Cu/CNC) to form FA-Cu-CS complex. Chitosan is a promising polymeric that has
received a lot of attention recently. Chitosan nanoparticles have wide applications as a nanocarrier
for different organic and inorganic substances. In the present study, chitosan nanoparticles (CNP),
Cu/CNC, and FA-Cu-CS had been prepared and characterized. Structural, morphological, optical and
anticancer activities of the nanoparticles were studied. X-ray diffraction study showed the formation
of CNP, Cu/CNC, and FA-Cu-CS. FE-SEM showed the CNPs have spherical shape. While, FE-SEM
image of Cu/CNC has aggregated and semi-spherical shapes, but the image of FA-Cu-CS showed
aggregated, agglomerated, and irregular shapes. FTIR analysis resulted peak at 1026.13 cm™' refer to
the CNPs bonded with folic acid. UV/VIS spectroscopy showed absorbance peak at 530 nm due to
presence of FA-Cu-CS. Moreover, anticancer activity of CNPs, Cu/CNC and FA-Cu-CS was tested
by MTT assay against fibroblast, MCF-7 and ovarian cancer, then it was stained by DAPI to show the
morphology of nucleus. FA-Cu-CS has higher cytotoxicity from other nanoparticles which was 54%,
65% and 83% against fibroblast, MCF-7 and ovarian cancer, respectively at concentration of 0.175
pL/mL. To our knowledge, there is no report on enhancing the anticancer activity of copper/chitosan
nanocomposite by conjugated with folic acid and comparison of anticancer activity among CNPs,
Cu/CNC and FA-Cu-CS.

Keywords: Copper/chitosan nanocomposite; Folic acid; MTT assay; Anticancer activity; Cytotoxicity
of complex FA-Cu-CS; XRD; FE-SEM; UV/VIS spectroscopy

Introduction

Cancer is a dangerous disease that is widespread in
the world and causes death. The treatment and prevent
of this disease effectively depend on the presence of
nanoparticles as a novel anticancer drug. Low cost
of nanoparticles and produced in environmentally
friendly ways compared with chemotherapy and

radiotherapy made them a drug of choice. Moreover,
the toxic effects of chemicals and radiations on
cancerous cells also revealed the effects on the healthy
cells around the target area. Nanoparticles conjugated
with different biomedicine as drugs will facilitate the
target drug delivery to tumor tissues and control drug
release in cancer cell; it does not affect the healthy
cells [1-3]. Copper has high melting point, large
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surface to volume ratio, high thermal conductivity and
Plasmon surface resonance (PSR) when it is converted
to copper nanoparticles which is responsible for using
in many applications, such as killing cancer cells,
inhibiting growth of bacteria and toxic effect on most
microorganisms [4, 5]. It is transformed to copper
nanoparticles (CuNPs) by several methods such as
chemical reduction, laser ablation, biological and
other methods. It is used in several applications such
as anticancer, antimicrobial and others. CuNPs have
low stability so that bind with polymers as chitosan
for enhancing stability and preventing oxidization [6,
7]. Chitosan is derived from deacetylation of chitin. It
is insoluble in water, but it can be dissolved in dilute
acid solution. Chitosan nanoparticles (CNPs) have
biocompatible, biodegradable and low toxic so that are
used in many research [8, 9].

Copper/chitosan nanocomposite (Cu/CNC) is an
efficient nanocomposite and it is prepared by coating,
encapsulation, biological, chemical reduction, ionic
gelation methods. Cu/CNC is operated as antitumor,
gene delivery, photothermal, antimicrobial and many
applications. Copper/chitosan nanocomposite (Cu/
CNC) is better complex than gold/chitoan and silver/
chitosan complexes because copper nanoparticles have
several features: optical, catalytic properties, excellent
conductor of electricity and heat, small size and
large surface to volume ratio. It has surface plasmon
resonance (SPR) which is responsible for inhibiting
growth of microbes and killing cancer cells. While,
gold nanoparticles are expensive, toxic, low stable and
difficult to synthesis. Moreover, silver nanoparticles
are high cost, more volatile, oxidized easily when
exposing to air and inhalation of AgNPs causes
problems to liver and lungs [10-12]. Folic acid (FA) is
tiny ligand used as target drug delivery for cancer cells,
which is a promising method to enhance the efficiency
and safety of therapeutic agents. FA has high affinity
to folate receptors (FR), which are over expressed
on the surface of many cancer cells such as ovarian,
lung, breast and other cells, while it is less expressed
in normal tissues. FA binds with nanoparticles and
nanocomposite which can be internalized into cancer
cells by receptor-mediated endocytosis [13—15]. In
recent years, many types of literature had reported
on the synthesis of CuNPs by physical, chemical
and biological methods. Zharani et al. studied the
preparation of CuNPs by chemical reduction method
which is easy and low cost. It produced large quantities
of CuNPs with the size of 50—60 nm and spherical

shape that was used as anticancer and antimicrobial
activities [16]. Cui et al. studied the synthesis of CNPs
by ionic gelation method which is low chemical,
inexpensive, and simple. Its highly production of
CNPs is used as anticancer action [17]. Cheng et
al. studied the synthesis of chitosan-folate loaded
with ligustrazine which is proved a perfect complex
against MCF-7 (breast cancer cell line) [13]. Although
review of literature shows the absence of reports for
preparing copper/chitosan nanocomposite binding
with folic acid (FA-Cu-CS), it is used as anticancer
activity. Therefore, the aim of this study is to combine
copper and chitosan nanoparticles as a nanocomposite,
and characterize by UV-visible spectroscopy, Fourier
transform infrared spectroscopy (FTIR), X-ray
diffraction (XRD), Zeta potential, Field emission-
Scanning Electron Microscopy (Fe-SEM) and Energy
Dispersive Spectroscopy (EDS). Additionally, the
improvement of the anticancer activity of copper/
chitosan nanocomposite by folic acid is studied.

Experimental procedures

Preparation of chitosan nanoparticles
and copper/chitosan nanocomposite

Chitosan nanoparticles (CNPs) were prepared by
dissolving 0.5 g of chitosan in 2% acetic acid under
magnetic stirring for 30 min, then add 50 mL of
methanol by dropper and 0.05% of Tween80, and stir
for 1 h at room temperature to obtain homogeneous
solution. After that, 0.05% of sodium tripoly phosphate
(STPP) was added gradually to chitosan solution under
stirring continuously for 2 h. CuNPs was synthetized
by mixing 2 g of starch powder in 100 mL of distill
water with magnetic stirring at 100 °C for 30 min
and cooled to obtain stabilizing solution, then mixed
with mixture of 2 g copper sulfate pentahydrate, 21 g
potassium sodium tartrate, and 6 g sodium hydroxides,
and stirred at room temperature for 10 min. After that,
add 10 mL of formaldehyde under magnetic stirring
for 54—60 min until the color of reaction changed
from blue to brownish red, indicating the formation of
CuNPs. Cu/CNC was synthetized by 0.5 g of CNPs
dissolved in 2% acetic acid, then mixed with 0.05 g of
CuNPs with magnetic stirring at 80° for 1 h.

Preparation of FA-Cu-CS

0.05 g of folic acid was added to the solution of
Cu/CNC and stirred at room temperature for 1 h. The
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solution was centrifuged and washed 1—3 times until
pH reached to 0.7.

Characterization of CNPs, Cu/CNC and
FA-Cu-CS

Nanoparticle and nanocomposites were
characterized by using UV/VIS-specrtophotometry
(Schimadzu, Japan) to ensure the formation of samples.
Identifing the functional groups in the range of 400—
4000 cm ' was analyzed by FTIR (Schimadzu, Japan).
Determining the structure of particles was identified
by XRD (Philips, Holanda). The stability and surface
charge of samples ware determined by zeta potential
(Zetasizer Nano, Malvern, UK). The morphology
of samples was measured by FE-SEM (TESCAN,
Czech). The chemical elements of nanoparticles were
determined by EDS analysis.

Anticancer activity of CNPs, Cu/CNC and
FA-Cu-CS by MTT assay

MTT assay was used to identify the cytotoxicity
of CNPs, Cu/CNC and Cu-FA-CS complex against
cancer cell line (MCF-7, Ovarian cancer) and normal
cell line (fibroblast) that were obtained from the
Pasteur Institute (Tehran, Iran). Cell lines were grown
as monolayer in Dulbecco’s Modified Eagle Medium
(DMED) supplemented with 10% fetal bovine serum
(FBS) and 1% PSF (antibiotic antimycotic solution,
penicillin, streptomycin and amphotericin B) in a
humidified atmosphere at 37 °C with 5% CO, in 96
well flat-bottom culture plates at density 1x10" cells/
well for 24 h. The cells were treated in duplicate with
concentrations of 0.075, 0.1, 0.125, 0.15 and 0.175 pL/
mL of CNPs. Cu/CNC and FA-Cu-CS complex were
incubated for 72 h to determine the toxicity against
examined cell lines. 10 pL of MTT solution was
added to each well and the plates were incubated for
4 h at 37 °C. Then, remove the media, and 100 pL of
DMSO was added to each well with gentle shaking to
dissolve formazan crystals. The absorbance of samples
was measured by using ELISA reader at 570 nm. The
percentage of cytotoxicity was determined by the
equation [18, 19]:

Cytotoxicity = (A-B)/A x 100% (1)

where A is the mean optical density (OD) of the
control, and B is the mean optical density (OD) of the
treated sample.

The apoptosis marker was studied using DAPI

stain, after cells were treated with nanoparticles. Cells
were stained by DAPI for 1 h, then washed, and used
fluorescent microscope at 20 to obtain images [20,
21].

Statistical analysis

The measurements of cytotoxicity were tested in
duplicate, and the results were expressed as the mean +
standard deviation. The data were analyzed by two way
ANOVA method using SPSS (IBM “SPSS” Statistics -
version 26) with a significance probability level of P >
0.05 and P < 0.001 [22].

Results and Discussion

Characterization
X-Ray diffraction analysis

XRD was used to identify the structure of
nanoparticle and nanocomposites (crystalline or
amorphous). XRD patterns of CNPs showed at angles
260 = 12.59°, 16.56°, 21.5°, 25.68°, 32.40° and 37.69°
corresponding to (300), (600), (110), (210), (103)
and (101) which refers to form crystalline CNPs (Fig.
1(a)). This result agrees with Thamilarasan et al [23].
The average crystallitine size of CNPs was 18.65 nm,
which was calculated by Scheerer’s equation:

D = K2/(Bcosb) (2)

where, K = 0.94, 4= 1.5418 nm, £ is the full width
half maximum (FWHM), and @ is the diffracting angle.
Whereas, in the Fig. 1(b), XRD patterns of Cu/CNC
appeared slight right shift with abroad peak at 20 =
25° which indicates to CNPs amorphous structure due
to that it acts with CuNPs; while peak at 43° refers to
crystalline structure of CuNPs. These results attributed
to the CuNPs successfully binding with CNPs as
matched with Ebrahimiasl et al. [24, 25]. Finally, the
XRD patterns of FA-Cu-CS showed several peaks at
angles 20 = 11°, 21°, 25° and 43° corresponding to the
planes (300), (600), (102) and (111) (Fig. 1(c)), which
refers to that CNPs have amorphous structure at 25°
because it binds with folic acid at 11°, but CuNPs have
crystalline structure at 43° which agrees with Ruman
et al. who studied synthesis and characterization of
chitosan-based nano delivery systems to enhance the
anticancer effect [26, 27].

Fourier transform infrared spectroscopy
analysis

FTIR was used to measure the functional groups
attached to the surface of CNPs, Cu/CNC and FA-
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Fig. 1 XRD patterns of (a) CNPs, (b) Cu/CNC and (¢) FA-Cu-CS

Cu-CS by scanning with wavelength ranging from
400—4000 cm . FTIR analysis of CNPs, as shown in
the Fig. 2(a), resulted peaks at 1519.91 cm ', 1543.04
cm ™' and 1627.92 cm™' due to N—H deformation
band, amino and amide groups of CNPs, respectively.
Furthermore, peaks at 1319.31 ¢cm 'and 1215.15 cm'
indicate to CH, stretching vibration, 1100—100 cm™'
refers to the saccharide structure of chitosan [12, 28],
but FTIR spectrum of Cu/CNC is seen in Fig. 2(b).

The peaks at 1400.35 cm ™', 1462.04 cm™', 1523.76
cm', 1543.05 cm ' and 1651.07 cm ' were deleted
from FTIR of Cu/CNC, but the peaks at 1639.49 cm'
was decreased to 1635.64 cm ™. 686.66 cm' indicates
to the combination between CuNPs and CNPs which
approved with [28, 29]. Moreover, in Fig. 2(c), FTIR
analysis of FA-Cu-CS showed that the peak at 3302.13
cm ' was attributed to O—H stretching vibration,
1635.64 cm ' was due to amide band (C=0) of
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Fig. 2 FTIR spectrum of (a) CNPs, (b) Cu/CNC and (¢) FA-Cu-CS
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chitosan, 894.97 cm ' refers to benzene ring of folic
acid and 594.08 cm ' indicates to the bending vibration
of Cu—O bond. The band 1026.13 cm ' refers to the
CNPs successfully binding with folic acid that agreed
with those in [30-32].

Field emission-scanning electron microscopy

FE-SEM was used to identify the particles size and
morphology of CNPs, Cu/CNC and FA-Cu-CS. FE-
SEM of CNPs is spherical shape and highly mono
dispersed nanoparticles with the diameter range
size of 30—40 nm that agrees with [34], as shown
in Fig. 3(a). Whereas, FE-SEM of Cu/CNC showed
agglomerated, aggregated and semi-spherical shape
with mean diameter of 36.34—48.27 nm, as shown in
Fig. 3(b). But in Fig. 3(c), the particles of FA-Cu-CS
are aggregated, agglomerated, and irregular shape with
the big size of 60—95 nm as a result of added folic
acid; this result agrees with [26, 33].

Energy dispersive spectroscopy

EDS was used to identify the chemical elements of
nanoparticle and nanocomposites. Figure 4(a) showed
the EDS of CNPs peaks of C, O, N, P, Na, Mg, Si and
Ca. Nitrogen peak indicates to the chitosan formation
and agrees with [34], while EDS of Cu/CNC revealed
peaks of C, O, Cu, N, and P. Appear of nitrogen refers
to CNPs combined with CuNPs to form Cu/CNC and
agree with [35], as shown in Fig. 4(b). In Fig. 4(c), the

EDS of FA-Cu-CS showed peaks of Cu, C, O, N and
P. The presence of nitrogen refers to chitosan. C, O
refer to the presence of folic acid because the chemical
formula of FA (C19H19 N706) and this result agree
with [26].

Ultraviolet-visible spectroscopy analysis

UV-Vis spectrophotometer was used to measure the
absorbance of CNPs, Cu/CNC and FA-Cu-CS. The
absorption peak of CNPs at 223 nm and no another
optical peak appeared, which refers to pure CNPs and
agrees with [36], as shown in Fig. 5(a). But absorption
peak of Cu/CNC at 550 nm indicates to chitosan
successfully combined with copper, which agrees with
[4, 37], as shown in Fig. 5(b). The absorption peak
of FA-Cu-CS complex appeared at 530 nm, as shown
in Fig. 5(c). The decrease of the absorbance indicates
folic acid interaction with CS/CNC because the
absorption peaks of pure folic acid appeared at 255 nm,
283 nm and 365 nm. This result agrees with Bandara
et al. who studied the preparation of zinc/chitosan-folic
acid complex [38, 39].

Zeta potential analyzing

Zeta potential (ZP) was used to determine stability
and surface charge of nanoparticle and nanocomposites.
It measured by dynamic light scattering using zeta plus
analyzer. This analysis was used at 25 °C and after the
dispersion was diluted to an appropriate volume with

Fig. 3 FE-SEM images of (a) CNPs, (b) Cu/CNC and (¢) FA-Cu-CS
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Fig. 5 UV/V is spectrum of (a) CNPs, (b) Cu/CNC and (¢) FA-Cu-CS

deionized water [40]. The zeta potential value of CNPs
was 12.5 mV which refers to the chitosan stable [41],
as shown in Fig. 6(a), while the zeta potential value
of Cu/CNC was 16.5 mV. The increase in ZP refers
to that the CuNPs are more stable in the presence of
CNPs, as shown in Fig. 6(b). Moreover, the ZP value
of FA-Cu-CS was 14.7 mV, as shown in Fig. 6(c). The

decrease in ZP refers to low stability of complex which
attributed to folic acid binding with positively charged
of chitosan [38].

Anticancer activity of nanoparticle and
nanocomposites by MTT assay

MTT assay was used to measure the cytotoxic effect

http://www.nanobe.org
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Fig. 6 Zeta potential of (a) CNPs, (b) Cu/CNC and (¢) FA-Cu-CS

of CNPs, Cu/CNC and FA-Cu-CS against fibroblast;
MCF-7 and ovarian cancer cells were incubated for
72 h at 37 °C with CO,, as shown in Figs. 7—9. In
Fig. 7, the CNPs at concentration of 0.075 pL/mL
showed low cytotoxicity against fibroblast; MCF-7
and ovarian cancer were (15 + 0.4)%, (20 £ 0.7)% and
(26 £ 1.1)%, respectively. But it increased gradually
to arrive (44 + 1.98)%, (57 = 2.85)% and (70 + 2.3)%
at concentration of 0.175 pL/mL. These results refer
to the ability of CNPs to form reactive oxygen species
(ROS), where the increase concentration of CNPs

80
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70 BMCEF-7
B Overian cancer
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Cytotoxicity (%)
w A o
S (=]

_— N
oS O

S

0.075 0.100

0.125

leads to the increase formation of ROS which causes
cell death and low in cell viability. Moreover, when
comparing the cytotoxic effect of CNPs against normal
cell line with other cancer cell lines, the CNPs showed
less cytotoxicity against fibroblast than MCF-7 and
ovarian cancer which refers to chitosan safe material
that the Food and Drug Administration (FDA) has
restricted from using as therapeutic agents [42—44].

On the other hand, in Fig. 8, Cu/CNC appeared at
concentration of 0.075 uL/mL with low cytotoxicity to
the fibroblast; MCF-7 and ovarian cancer were (12 +

0.150 0.175

Concentratron (uL/mL)

Fig. 7 Cytotoxicity percentage of different concentrations of CNPs against fibroblast, MCF-7 and ovarian cancer cell lines (The

values are presented with mean + SD; P> 0.05 and P < 0.001)
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Fig. 9 Cytotoxicity of different concentrations of FA-Cu-CS against fibroblast, MCF-7 and ovarian cancer cell lines (The values are

presented with mean = SD; P > 0.05 and P < 0.001)

0.5)%, (20 = 0.7)% and (52 £ 0.95)%, respectively. But
it increased gradually to reach (48 = 1.5)%, (64 +2.1)%
and (73 £ 3.1)% at concentration of 0.175 pL/mL. The
diversity of the results attributed to the capable of Cu/
CNC to produce ROS that causes oxidative stress to
the cancer cells that lead to decease in the cell viability
[45-47].

As shown in Fig. 9, FA-Cu-CS revealed that the
highest cytotoxicity against MCF-7 and ovarian cancer
cell at concentration of 0.175 pL/mL was (65 £+ 1.98)%
and (83 £ 6.1)%, respectively. But it decreased to (37
+ 1.2)% and (62 + 2.2)% at concentration of 0.075
pL/mL. Moreover, FA-Cu-CS resulted the highest
cytotoxic effect on MCF-7 and ovarian cancer than
Cu/CNC and CNPs which attributed to the FA that
was used as targeting for cancer cell according to the
mechanism. FA has high affinity to folate receptor
(FR). FA conjugated nanocomposite binds with folate
receptors on the surface of cancer cells, then enters
to the cells by endocytosis to form endosomes. And
because acidic media (pH = 5—5.5) in the cells lead
to separate FR from nanocomposite and return to cell

surface. But endosomes are degraded by lysosome,
leading to release Cu/CNC to the cytoplasm which
enters to the nucleus causing damage of DNA and
cells were dead by creating ROS [13, 14, 48]. As
shown in Fig. 10, the results indicate that the FA-Cu-
CS has higher cytotoxicity and anticancer activity at
concentration of 0.175 pL/mL which can be used as
anticancer agent.

Cells might phagocytize high content of CNPs,
90 " Fibroblast

| = MCF-7
= Overian cancer

o
= ==]

(=]

Cytotoxicity (%)
W A U N
S S

CNPs

Cu/CNC FA-Cu-CS

Fig. 10 Cytotoxicity of CNPs, Cu/CNC and FA-Cu-CS against
fibroblast, MCF-7 and ovarian cancer cell lines at concentration
0f 0.175 pL/mL
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Cu/CNC and FA-Cu-CS produced from intracellular
degradation of nanoparticle, and nanocomposites in the
acidic media of lysosome could induce cytotoxicity.
Figures 11—13 showed the change in the morphology
of cell lines after treated with CNPs, Cu/CNC and FA-
Cu-CS at concentration of 0.175 pL/mL than untreated
cells (control). Nanoparticle and nanocomposites were

(a)

| —]

appeared low changes to fibroblast, but it was appeared
higher changes in the MCF-7 and ovarian cancer.
The morphological changes include reduction in cell
numbers, swelling and shrinkage when compared with
untreated cell line that attributed to ROS, damage of
DNA, disrupting of membrane and apoptosis process
[19, 49, 50]. The inhibition concentration (ICs), the

(b)

| —]

Fig. 11 Fluorescent images of fibroblast cells in the presence of (a) control, (b) CNPs, (¢) Cu/CNC and (d) FA-Cu-CS at

concentration of 0.175 pL/mL

Fig. 12 Fluorescent images of MCF-7 in the presence of (a) control (b) CNPs, (¢) Cu/CNC and (d) FA-Cu-CS at concentration 0.175

uL/mL

Fig. 13 Fluorescent images of ovarian cancer cells in the presence of (a) control, (b) CNPs, (¢) Cu/CNC and (d) FA-Cu-CS at

concentration 0.175 pL/mL
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value inhibiting growth of biological activity of cancer
cells at 50%, was determined, as listed in Table 1. It
refers that IC,, of fibroblast requires more amount of
CNPs, Cu/CNC and FA-Cu-CS whose values were
0.16, 0.14 and 0.12 pL/mL for inhibiting growth of it,
because it is normal cell line and less or not sensitive
with nanoparticle and nanocomposites. Moreover, 1Cs,
of ovarian cancer requires lower amount of CNPs,
Cu/CNC and FA-Cu-CS whose values were 0.1, 0.06
and 0.01 pL/mL, because it has higher sensitive to
nanoparticle and nanocomposites [51-53].

Table 1 IC,, values of CNPs, Cu/CNC and FA-Cu-CS

1Cs, value (uL/mL)
Cell lines
CNPs Cu/CNC FA-Cu-CS
Fibroblast 0.16 0.14 0.12
MCF-7 0.14 0.12 0.11
Ovarian cancer 0.10 0.06 0.01
Conclusion

FA-Cu-CS was successfully prepared by simple and
low cost method. FA-Cu-CS showed irregular shape,
low stability and amorphous structure. Furthermore,
FA-Cu-CS appeared higher anticancer activity than
Cu/CNC and CNPs against MCF-7 and ovarian cancer
cell lines. Ovarian cancer showed more sensitive to
nanoparticle and nanocomposites than fibroblast and
MCF-7. FA-Cu-CS resulted high cytotoxicity and
anticancer activity at concentration of 0.175 pL/mL
which can be used as anticancer agent.
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